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ABSTRACT: Predation is often the largest source of mortality for juvenile fish and the risk of predation can influence
growth rates by either forcing young fish into suboptimal foraging habitats or reducing the amount of time spent foraging. We
used field experiments to test effects of predation risk by gulf flounder (Paralichthys albigutta) on juvenile pinfish (Lagodon
rhomboides) growth rates by measuring changes in length and weight in three habitats (sand, low density, and high density
shoalgrass, Halodule wrightii) in Perdido Key, Florida. Benthic cores, seagrass samples, and stomach contents were also
analyzed to examine differences in pinfish prey densities, grass densities and epiphyte coverage, and diet, respectively,
among habitat and predator treatments. Both length and weight growth rates were determined and showed similar results. We
found that pinfish inhabiting seagrass habitats, particularly low density Halodule displayed the fastest growth rates in the
beginning of the growing season (June) and those in sand had the fastest growth rates later in the season (October). These
differences in growth rates did not appear to be influenced by densities of pinfish prey items since the treatment having the
highest density of prey was not that in which growth rates were the greatest. This seasonal shift may be attributed to increasing
pinfish size. Larger pinfish in October may have been inhibited by high density grass, reducing foraging efficiency. These
results demonstrate how occupying a suboptimal foraging habitat can affect juvenile pinfish growth rates. Predation risk
significantly reduced length and weight growth rates of pinfish in June, but not October. This suggests that smaller pinfish
early in the season traded time spent foraging for predator avoidance, while larger pinfish were likely to have reached a size
refuge from predation. This study demonstrates that nonlethal effects from predation are also important influences on

juvenile pinfish.

Introduction

Predation plays a major role in determining the
composition of juvenile fish assemblages by directly
affecting size distribution (Wright et al. 1993) and
survivorship (Carr and Hixon 1995), and indirectly
influencing growth rates of newly-recruited juvenile
fish (Diehl and Eklov 1995; Persson and Eklov
1995). Since vulnerability to predation is usually
inversely related to size (Mittlebach and Chesson
1987; Levin et al. 1997, Sogard 1997), rapidly
growing juvenile fish are more likely to survive to
maturation, thereby influencing adult population
size through size-selective mortality (Sogard 1997).

Optimal foraging theory predicts that consumers
select prey types or habitats that maximize growth
and fitness. When faced with a conflict between
maximizing energy intake and avoiding predators,
animals often do not respond as predicted by
optimal foraging models (Milinski 1986). Prey
species may use many different behaviors to avoid
predation, one of the most common being selection
of structurally complex habitats. Pinfish (Lagodon
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rhomboides) used both seagrass and sand equally in
the absence of predators, but increased use of
seagrass when piscivorous southern flounder (Para-
lichthys lethostigma) were present (Jordan et al. 1996).
An increase in structural complexity provides pro-
tection from predators (Werner and Hall 1988) due
to a decrease in a predator’s ability to detect and
capture prey (Savino and Stein 1982). This holds
true for the prey species as well, in that their own
foraging efficiency is also reduced, so foraging
success is traded off for effective predator avoid-
ance.

Use of suboptimal foraging habitats by fishes can
lead to reduced growth (Sogard 1994). Small
bluegills (Lepomis macrochirus) hiding in a subopti-
mal foraging habitat (i.e., vegetation) grew up to
27% slower than small bluegills in open water
(Werner et al. 1983). Reduced growth rates in
suboptimal habitats are likely due to reduced
foraging activity in the presence of a predator
(Lima and Dill 1990) or reduced foraging efficiency
in structured habitats.

To date, manipulative field studies combining
effects of predation risk and habitat on growth rates
of juvenile fish are rare in marine systems. The
objectives of this study were two-fold: to evaluate
effects of the presence of gulf flounder (Paralichthys
albigutta), a piscivorous predator, on juvenile pinfish



growth rates, and to examine growth rates of
juvenile pinfish in different habitats of varying
complexity. These objectives were accomplished by
carrying out a field experiment that measured
growth rates of pinfish in three densities of seagrass
both with and without a flounder predator.

Materials and Methods

STUDY SITE

Experiments were conducted in monotypic stands
of shoalgrass (Halodule wrightiz) in Big Lagoon,
Florida (30°18.5'N, 87°23.0'W), along the northern
shore of the Gulf Islands National Seashore at
Perdido Key. Environmental variables (i.e., temper-
ature, salinity, and dissolved oxygen) were measured
from the study site before and after each experi-
ment using a YSI model 30 meter. Due to the close
proximity of treatments (<15 m between treat-
ments), physical factors including depth, wave
action, turbidity, temperature, salinity, and dis-
solved oxygen did not differ significantly between
them and behaved as expected throughout the
course of the study. Temperatures ranged from
29.1°C to 31.1°C in June and 14.7°C to 24.4°C in
October, salinity from 25.7%o to 28.5%o in June and
26.3%0 to 29.0%o in October, and dissolved oxygen
from 59 to 85 mg 1™ in June and 8 mg 1I™' in
October.

EXPERIMENTAL ANIMALS

The prey for this study was juvenile pinfish,
ranging in size from 50 to 100 mm total length
(TL). Pinfish have a broad geographic range,
inhabiting coastal waters from Massachusetts, Unit-
ed States, to Yucatan, Mexico (Hoese and Moore
1977). They spawn offshore and migrate into
estuaries during spring and summer as juveniles
(15-100 mm long; Wang and Kernehan 1979),
where they remain until late fall, at which time they
migrate back offshore to adult habitats. Juveniles
are most abundant in structured habitat, such as
seagrass, and rarely venture out onto open sand
(Stoner 1979). Pinfish are the numerically domi-
nant fish within seagrass habitat in shallow subtidal
areas of the Gulf of Mexico (Stoner 1980) and are
capable of having broad ecological effects on the
flora and fauna of estuaries.

The predator used in this study was the gulf
flounder, which is found on sandy substrates from
Cape Lookout, North Carolina, to Corpus Christi,
Texas (Bohlke and Chaplin 1993). We found that
gulf flounder are also readily captured by trawling
in seagrass beds. Adult gulf flounders are ambush
predators and feed primarily on fish, including
pinfish (Darnell 1958).
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Cage Construction and Experimental Design

Enclosures (1.41 X 1.41 X 1.25 m) with a volume
of approximately 2 m® were used to restrict pinfish
and flounder to specified habitats. Enclosures were
constructed of polyethylene mesh with a mesh size
of 0.64 cm tied to a welded reinforcement bar
frame. They were anchored by sinking reinforcing
bar legs of the cages into the sediment. To prevent
burrowing animals from entering the enclosures,
a 15-cm wide mesh skirt was placed around the
bottom of each cage, which was anchored to the
sediment with reinforcement bar hooks. Pilot
studies indicated extra precautions were needed to
prevent flounder from escaping by burrowing under
the cage. Monofilament nylon gill netting with
a mesh size of 5.72 cm was placed on the bottom of
each cage, buried sufficiently deep in the sediment
to allow for the normal burying behavior of the
ambush style flounder predators. This size mesh was
large enough to allow seagrass to come up through
the net, but small enough to prevent flounder from
gill netting themselves or escaping. Mesh tops were
put on each cage so that fish, such as mullet (Mugil
cephalus), could not jump inside.

Ten enclosures were deployed for each of the
following habitat treatments: sand (i.e., no vegeta-
tion), low grass density, and high grass density for
a total of 30 cages. Within each habitat treatment, 5
enclosures were controls stocked with pinfish only
and 5 enclosures were experimental cages stocked
with both pinfish and one flounder. Prior to
stocking, cages were seined to remove fauna larger
than the cage mesh size that could potentially prey
upon juvenile pinfish or compete with them for
food (for seining protocol, see Spitzer et al. 2000).
The experiment was conducted two times: June and
October 2001. During that time, cages were moved
between the experiments due to seasonal thinning
of grass inside some of the cages.

Pinfish Growth Experiment - Changes in Length
and Weight

Pinfish and predatory flounders were collected
from grassbeds near the study area using a combi-
nation of otter trawls, gill netting, and dip nets.
Prior to stocking, pinfish were measured (*1 mm
TL), weighed (*£0.1 g wet weight [ww]), and
individually marked using a liquid nitrogen brand-
ing protocol (Spitzer et al. 2000). One flounder was
placed in each experimental cage of each habitat
treatment and was measured (*1 mm TL) prior to
stocking. Flounder >250 mm TL were used in this
study to ensure that gape size was large enough to
actually pose a threat to pinfish. The smallest size
fish that could not escape the enclosure mesh,
which was about 40-45 mm TL, determined the size
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of pinfish placed in enclosures for the initial
experiment. The October experiment used the
most abundant size found in trawls to mimic the
natural increase in pinfish size as the growing
season progresses.

Pinfish density stocked within the initial experi-
mental enclosures was determined by density esti-
mates of natural populations in the northern Gulf of
Mexico reported by Thompson (2000). A trawling
efficiency of 65% (Kjelson and Johnson 1978) was
used to adjust densities of pinfish reported in
Thompson (2000) to determine stocking density.
The October experiment had a smaller fish density,
mimicking the natural population decline that occurs
as the growing season progresses.

Pinfish growth was measured by changes in length
and weight. Each experiment lasted 3 wk, at which
time pinfish were seined from each cage, measured
(=1 mm TL), and weighed (*0.1 g ww). Flounder
were also removed from the experimental cages and
measured (=1 mm TL). Fish were kept on ice and
brought back to the laboratory for stomach content
analysis (see below).

Size ranges of pinfish and flounder stocked in
cages, stocking densities of pinfish, and recapture
rates of pinfish and flounder for each experiment
are given in Table 1. To ensure that initial pinfish
sizes did not significantly differ, one-way analysis of
variance (ANOVA) or Kruskal-Wallis tests were run
on lengths and weights of pinfish stocked in cages
with either habitat or predator presence as factors.
Lengths and weights of stocked pinfish did not
significantly differ among habitats or predator
treatments for any experiment (p > 0.050).

Growth rates of individually marked pinfish were
determined. Standardized differences ((Final —
Initial) /Initial) in pinfish lengths and weights were
calculated and divided by the number of days in
each experiment to examine percent change in
length or weight per day. Average percentages were
obtained for each cage, which were then analyzed
along a pinfish size gradient using two-way ANOVAs
with habitat and predator presence as factors.
Percent changes in pinfish length for the October
experiment were square root transformed to correct
for unequal variances. A three-way ANOVA with
habitat, predator presence, and season could have
been used, but this was not the best option since
seasonal effects were anticipated. This would have
resulted in significant interactions, precluding
discussion of the main effects.

A number of predator treatment cages were
without predators at the end of the experiment,
which can be explained by either natural death or,
more likely, escape. This was accounted for in the
analyses so as not to bias the results. Length and
weight growth rates were tested for significant

TABLE 1. Densities, size ranges, and recapture rates of marked
pinfish and gulf flounder for each experiment (June 7-28 and
October 15-November 1, 2001) in each habitat (sand, low density
Halodule, and high density Halodule) and predator treatment
(flounder absent and flounder present).*

June October
Range of pinfish length (mm TL) 45-65 73-107
Range of pinfish weight (g) 1.2-6.6 5.4-18.2
Pinfish m™ 8 5
# of pinfish tagged and caged 480 300
# of recaptured pinfish
Sand 68 23
Low density grass 20 38
High density grass 61 22
Pinfish recapture rate (%)
Sand 42.5 23.0
Low density grass 125 43.0
High density grass 38.1 23.0
Flounder absent 30.0 25.0
Flounder present 37.5 38.3
Opverall pinfish recapture rate (%) 30.8 29.7
# of flounder stocked (1 cage™) 15 15
Range of recovered flounder 310-380 250-410
Lengths (mm TL)
# of recaptured flounder
Sand 1 2
Low density grass 2 2
High density grass 1 2
Flounder recapture rate (%)
Sand 20 40
Low density grass 40 40
High density grass 20 40
Overall flounder recapture rate 26.7 40

*Recapture rate for each treatment = # of fish recaptured in
each treatment X (# of fish tagged in each treatment)™'; Overall
recapture rate = total # of marked fish recaptured for each
experiment X (total # of fish marked for each experiment)™".

differences between no predator treatment cages
and those that were missing flounder at the end of
the experiment. No significant differences were
observed (p > 0.050), so data were combined and
the only cages considered in the predator treatment
were those that had a flounder present the entire
experimental period.

For all analyses, a significance level of « < 0.050
was used. If interactions between treatments re-
sulted from any two-way ANOVA, they were noted in
the results. If pairwise comparisons were necessary,
they were conducted with Fisher LSD tests. Trans-
formations were used to correct for unequal
variance or non-normality when necessary, but
tables and graphs present nontransformed data so
that comparisons could easily be made between
treatments and experiments.

VEGETATION AND EPIPHYTE BIOMASS

Shoalgrass biomass was estimated using a two-inch
diameter PVC corer (0.0016 m* area) in June.



Three cores were taken in each cage before and
after the experiment. This method of sampling
grass biomass was altered in October because
leaf length became too great to fit into the corer.
A 10 X 10 cm PVC quadrat was haphazardly thrown
twice in each cage (except those in sand), and all
aboveground biomass was harvested by hand
from the quadrat. Seagrass was dried at 80°C for
at least 24 h and weighed (%0.0001 g). Dried
seagrass biomass (g dry weight [dw] m™) was
calculated. Initial and final samples were combined
for each cage and cage averages were analyzed
between habitats using paired #tests for each
experiment. This was done to ensure that two
distinct densities of seagrass were maintained
throughout the experiments.

Epiphyte biomass was also estimated from these
grass samples. A subset of seagrass blades from each
sample was randomly chosen and scraped free of
epiphytes using a razor blade. The number of
blades scraped depended on the amount of
epiphytes on each blade. Just enough were scraped
so that a difference in pan + sample weight could be
observed from pan weight alone. Both epiphytes
and scraped blades were dried for at least 24 h at
80°C and then weighed (*£0.0001 g). Epiphyte
biomass (g dw epiphytes (g dw scraped blade)™)
was calculated, and cage averages were analyzed
using paired ttests to test for habitat effects for each
experiment.

BENTHIC FAUNA

Food densities could influence pinfish growth
rates, so densities of potential pinfish prey were
estimated before and after each experiment. Ben-
thic fauna was sampled using a two-inch diameter
PVC corer (area = 0.0016 m®) to a depth of 10 cm.
Three samples were taken at random locations
within each cage. In the lab, each core was washed
over a 0.5-mm sieve and sorted for potential pinfish
prey. All potential pinfish prey, including amphi-
pods, isopods, caridean shrimp, and small crabs
(Darnell 1958; Hansen 1969; Carr and Adams
1973), were counted and identified to the lowest
possible taxon using a dissecting microscope. Initial
and final samples were combined and cage averages
of shrimp and amphipod densities, as well as total
densities of all taxa combined, were tested with two-
way ANOVAs to examine differences between
enclosures with and without a predator and among
habitats for each experiment. Total density data was
square root transformed in June and log;y trans-
formed in October to correct for unequal variances.
Amphipods are known to be a major constituent of
juvenile pinfish diets (Carr and Adams 1973; Stoner
1979) and, based on stomach content results from
this study, shrimp are also a key food source, which
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is why these two groups were singled out and
individually analyzed. Shrimp densities were log;g
transformed in June to correct for unequal var-
iances; transformations failed to satisfy assumptions
for amphipod densities in June. Effects of habitat
and predation were analyzed separately for June
amphipod densities using Kruskal-Wallis tests. Cau-
tion should be used when interpreting these data,
because an interaction term could not be tested.

STOMACH CONTENT ANALYSIS OF PINFISH
AND FLOUNDER

Stomach contents of three randomly chosen
branded pinfish from each cage were examined to
help explain treatment effects on growth rates and
to document shifts in diet as pinfish size increased.
Stomach contents of all recovered flounder were
also analyzed. Items within each stomach were
identified to the lowest possible taxon with a dissect-
ing microscope (12X magnification), and each
major taxon was dried at 80°C for at least 24 h
and then weighed (*0.0001 g). Mean total weight
of gut contents was calculated for each cage and
tested with two-way ANOVAs for differences be-
tween enclosures with and without a predator and
among habitats for each experiment. The percent-
age that each major taxon made up of the total gut
content weight was calculated and any differences in
these percentages among habitat treatments and
predator treatments were qualitatively compared.

Results

PINFISH GROWTH

Effects of habitat and predation risk on growth
rates of pinfish in length for each experiment are
presented in Fig. 1. Growth among habitats was
significantly different in June (Foo0o = 4.083, p =
0.036), and pairwise comparisons showed that it was
significantly higher in low density grass than sand
(p = 0.011). The presence of a predator also had
a significant effect on length increases in June, with
lower growth rates among pinfish threatened by
predation (F; 9o = 10.538, p = 0.005). No signifi-
cant differences were seen for pinfish length
changes among habitats in October (Fy,;5 = 3.503,
p = 0.061). Growth in length between predator
treatments also did not significantly differ in
October (Fy 15 = 0.001, p = 0.975).

Changes in pinfish weight showed almost the
same patterns as changes in length among habitats
and between predator treatments for both experi-
ments (Fig. 2). Differences of percent change in
weight among habitats were significant in June
(Fo9o = 6.557, p = 0.008), and pairwise compar-
isons showed that weight change was significantly
higher in low density grass than sand (p = 0.002).
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Fig. 1. Effect of habitat and predation risk on length growth
rates of pinfish. Mean percent changes in length growth rates d "
(+SE) of pinfish recovered from the field enclosures among
habitat and predator treatments for each experiment. p values
represent results of two-way ANOVAs with habitat and predator as
factors. Percent changes in pinfish length were square root
transformed for October, but the untransformed data are
presented for comparison purposes.

The presence of a predator significantly reduced
weight growth rates of pinfish in June (F,q0 =
9.026, p = 0.008). In October, there was a significant
difference in weight change among habitats (Fy 15 =
10.936, p = 0.002), and pairwise comparisons
demonstrated significantly more growth in sand
than high density grass (p < 0.001), as well as in low
density grass than in high density grass (p = 0.006).
Changes in weight did not significantly differ
between predator treatments in October (F; ;5 =
3.055, p = 0.104).
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Fig. 2. Effect of habitat and predation risk on weight growth
rates of pinfish. Mean percent changes in weight growth rates d ™'
(+SE) of pinfish recovered from the field enclosures among
habitat and predator treatments for each experiment. p values
represent results of two-way ANOVAs with habitat and predator
as factors.

There were no significant interactions between
habitat type and predator presence for length or
weight in either of the experiments (p > 0.050).

SEAGRASS AND EPIPHYTE BIOMASS

Dry weight of shoalgrass was significantly higher
in high density grass than low density grass in both
June (¢ = 2.09, p = 0.029, df = 19) and October
(t=2.09, p = 0.005, df = 19). During June, mean
biomass was 95.6 = 11.3 g dw m™* for high density
grass and 64.1 £ 10.2 g dw m™ for low density grass.
During October, mean biomass was 100.7 = 15.9 g
dw m~* for high density grass and 56.6 * 6.2 g dw
m~? for low density grass.

Epiphyte biomass in June was significantly higher
in low density grass than high density grass (¢ =
2.09, p < 0.001, df = 19); no significant difference
was observed in October (¢ = 2.11, p = 0.190, df =
17). Mean biomass during June was 0.239 * 0.021 g
dw epiphyte (g dw scraped blade) ™' for high density
grass and 0.458 * 0.037 ¢ dw epiphyte (g dw
scraped blade)™" for low density grass. During
October, mean biomass was 0.146 = 0.014 g dw
epiphyte (g dw scraped blade)™" for high density
grass and 0.194 = 0.032 g dw epiphyte (g dw
scraped blade) ™' for low density grass.

BENTHIC FAUNA

The most abundant faunal groups in the core
samples were gastropods, amphipods, isopods,
shrimp (penaeids, carideans, and alpheids), mysids,
crabs (xanthids and portunids), polychaetes, and
bivalves. Small fish and chitons were rare and
not considered in the analyses. Polychaetes were
commonly found in the cores, but because most
taxa are infaunal, they were not included in any
analyses.

Total density of benthic fauna was significantly
higher in seagrass habitats than in sand (Fig. 3) for
both June (Fos9 = 10.16, p < 0.001) and October
(Foso = 11.50, p < 0.001). In June, pairwise
comparisons revealed a significantly greater density
of fauna in high density grass than in sand (p =
0.001). In October, pairwise comparisons showed
a significantly higher density of fauna in both high
density grass (p = 0.001) and low density grass (p =
0.010) compared to sand. Mean total number of
organisms ranged from 1,292 to 7,177 m? in sand,
4,698 to 27,542 m? in low density grass, and 12,604
to 76,240 organisms m ™ in high density grass. The
drastic increase of faunal densities in high density
grass samples in October was due to an explosion in
the density of Bittiolum varium, the most abundant
gastropod in the study area. Total density of benthic
fauna did not significantly differ between cages with
and without a predator (p > 0.050).
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Fig. 3. Mean total number of benthic organisms m~* (+SE)
from core samples among habitat treatments for each experi-
ment. p values represent results of two-way ANOVAs with habitat
and predator as factors; predator presence was not a significant
factor. Total density data was square root transformed in June and
log;o transformed in October, but the untransformed data are
presented for comparison purposes.

Amphipod densities were significantly higher in
high density grass during June (H = 15.69, df = 2,
p < 0.001) and October (Fg59 = 3.41, p = 0.040),
but did not significantly differ between predator
treatments (p > 0.050; Fig. 4). Shrimp densities
were not significantly different among habitats or
between predator treatments for either experiment
(p > 0.050).

STOMACH CONTENTS

All flounder stomachs were empty at the time of
collection except one, which contained two juvenile
blue crabs (Callinectes sp.).

Only one of 160 pinfish stomachs analyzed was
empty. Total weight of pinfish gut contents ranged
from 0.2 g to 0.13g and displayed a general
seasonal increase (Fig. 5). Even though there were
no significant differences in gut content weight
among habitats (p > 0.050), pinfish without the
threat of predation had a higher mean gut content
weight than those in the presence of a predator.

Shifts in taxa comprising the gut contents
occurred as the season progressed (Fig. 6). In June,
with the exception of unidentifiable digested
animal material, the most commonly consumed
taxa were shrimp, while plant material increased in
abundance during October. Pinfish did not appear
to consume different prey as a function of predator
treatment in June; in October, pinfish with a pred-
ator consumed less plant material than those
without a predator.
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Fig. 4. Amphipod densities (top) and shrimp densities
(bottom) (+SE) among habitat treatments for each experiment.
p values for June and October shrimp densities and amphipod
densities for October only represent results of two-way ANOVAs
with habitat and predator as factors; predator presence was not
a significant factor. Shrimp densities were log;o in June, but the
untransformed data are presented for comparison purposes.
Transformations failed to satisfy assumptions for amphipod
densities in June, so effects of habitat and predation were
analyzed separately using Kruskal-Wallis tests; predator presence
was not a significant factor.

Discussion

We found that risk of predation from gulf
flounder significantly reduced growth rates of
juvenile pinfish. Only a few other studies have
examined predator-induced changes in growth rates
of marine fish species, but all found that predation
risk suppresses growth (Connell 1998; Steele 1998;
Steele and Forrester 2002).

While the presence of a predator reduced growth
rates of pinfish in June, this was not observed in
October. This seasonal shift may be attributed to
increasing pinfish size. Juvenile fish vulnerability to
predation is inversely proportional to body size
(Mittlebach and Chesson 1987; Sogard 1997), and
pinfish in the latter part of the growing season may
have reached a size refuge from predation. De-
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Fig. 5. Comparison of total weight of gut contents (g) (+SE)
among habitat and predator treatments for each experiment. p
values represent results of two-way ANOVAs with habitat and
predator as factors; predator presence was not a significant factor.

creased vulnerability of larger juvenile fish may be
explained by gape size limitation of the predator.
Predators experience more difficulty capturing prey
as they reach their gape size limit (Christensen
1996). Gape limitation can lead to size-dependent
predation risk (Persson et al. 1996). Prior studies
have found that flounder are capable of feeding on
prey items 30-40% of their length (Hacunda 1981;
Rice et al. 1993; Burke and Rice 2002). Rice et al.
(1993) found that large southern flounder (160-
200 mm TL) fed primarily on 60-70 mm TL spot
(Letostomus xanthurus), which is about 35% of their
size in length. Applying this average to the pinfish
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Fig. 6. Major taxa comprising the gut contents for each
habitat and predator treatment for each experiment. Mean
percent of gut content total weight for each major taxa group.
NP = no predator, P = predator.

and flounder sizes used in this experiment, floun-
der posed a threat to pinfish in June; some of the
larger pinfish in October probably exceeded the
gape size of the predator, which could explain why
no predator effects were observed for that experi-
ment. This pattern of greater vulnerability of
smaller fish to predation has been found in other
studies. Growth rates were reduced by 27% for small
bluegills (35 mm standard length) and enhanced by
11% for large bluegills (73 mm standard length)
faced with the risk of predation by largemouth bass
(Micropterus salmoides; Werner et al. 1983). Improved
growth of large prey in the presence of predators,
attributed to reduced competition for resources
from smaller, more vulnerable conspecifics, was also
seen with crucian carp (Carassius carassius) in the
presence of predatory perch (Perca fluviatilis; Tonn
et al. 1992).

Mechanisms by which predation reduces growth
rates of juvenile fish include a reduction in foraging
activity and movement to remain cryptic or a distri-
butional shift in habitat, usually to a more complex
one that may be a suboptimal foraging habitat. In
a laboratory experiment, pinfish used both seagrass
and sand equally in the absence of predators, but
when a piscivorous southern flounder was intro-
duced, pinfish avoided nonvegetated areas (Jordan
et al. 1996).

In this study, we examined growth rates of pinfish
in three different habitats and, again, a seasonal
shift was noted. During the beginning of the
growing season when pinfish were smallest, the
fastest growth rates were observed in seagrass,
especially low density of H. wrightii. This concurs
with other studies examining the role of habitat
complexity on growth of juvenile fish, which
demonstrate that higher densities of seagrass inhibit
fish from successfully capturing prey (Stoner 1982;
Spitzer et al. 2000). Larger pinfish in the latter part
of the growing season displayed faster growth rates
in sand than either low or high density grass. Pinfish
at this time of year may have reached a size where
any density of vegetation hinders foraging efficiency
and reduces swimming speed necessary to capture
prey items (cf., Persson et al. 1998). Even larger
juvenile pinfish are commonly found in seagrass
habitats. This suggests that larger, more effective
predators are present in nature to restrict larger
juvenile pinfish to suboptimal foraging habitats.

Stomach contents failed to explain differences in
growth rates among habitats and predator treat-
ments, probably because such a large percentage
was unidentifiable and only able to be separated
into animal or plant categories. Had fish stomachs
been injected with preservative immediately upon
capture, this would have helped to provide more
specific information. The high percentages of



unidentified animal material are probably the result
of continued digestion. Also, stomach contents of
the fish are relevant only to the time period covered
by the gut evacuation rate of the species. The data
are only valid for the final hours of each experiment
and not applicable to the overall experimental
period. For these reasons, results from the gut
content analysis need to be interpreted with
caution. Of the taxa that could be identified,
shrimp was the most consumed item in June in all
habitats and predator treatments. In October
pinfish consumed more plant material in all
predator treatments and habitats. This demon-
strates the increased tendency of larger pinfish
towards herbivory (Stoner 1980; Weinstein et al.
1982). While plant material only accounted for as
much as 20% of the gut contents in this study, other
studies have found much higher percentages.
Stoner (1980) found up to 91% of pinfish stomach
contents were comprised of plant material. Percent-
ages that high are not likely the result of incidental
consumption, but rather an intentional targeting of
detritus or live plant material. The observation that
larger pinfish experienced highest growth rates in
sand, yet consumed more plant material may seem
contradictory, although, there are simple explana-
tions for this; pinfish restricted to sand still have the
opportunity to consume plant matter via detritus
and drifting seagrass, and larger juvenile pinfish are
not strictly herbivorous. Even though plant material
increases in importance with pinfish size, those
restricted to sand will also consume animal material,
which may support a higher growth rate than plant
material (Cui et al. 1992).

Prey densities for pinfish are obviously a major
factor that could affect growth rates among habitats
and predator treatments. As expected, core samples
had consistently higher densities of benthic epifau-
na in seagrass habitats than in unvegetated habitats.
The higher densities of prey items, together with
the protection from predators that seagrasses pro-
vide, explain why a large number of recruiting fish
are attracted to and use these habitats. This study
suggests a greater role for seagrasses as predation
refuge because the habitat that supported the
highest density of potential prey was not the one
in which pinfish grew fastest. Also, densities of
benthic fauna were not significantly different
between predator treatments. It appears that prey
densities did not significantly influence growth rates
in our experiments. Sand consistently supported the
lowest density of fauna, yet growth rates of pinfish
were greatest in sand during October, indicating
that food was not limiting to pinfish in any habitat.

Field caging experiments, like the current one,
that attempt to determine the combined effects of
habitat and predation risk on the growth of
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a particular species are rare in marine systems due
to their difficulty. While more applicable to the real
world than a laboratory experiment, we recognize
that this study is still a simplification of nature. In
nature, pinfish will encounter not only one, but
many types of predators, and will also have
numerous competitors for food and habitat. We
also recognize the low return of both flounder and
pinfish in this study; escape of target species being
a familiar concern in caging experiments. The low
return of flounder could not have affected the
outcome of predator or habitat effects because it
was taken into account in our analyses. Only those
cages that had a flounder in them throughout the
entire experimental period were considered preda-
tor treatment cages, and despite the low return of
flounder and pinfish, significant differences were
observed between predator treatments in June and
among habitats for both experiments. Larger
sample sizes only would have strengthened our
argument.

In any caging study, one must consider potential
artifacts. The one most relevant to this study is the
possibility that cages may have acted as small fish
and invertebrate attractors. A study conducted in
the same area using the same cage structure, cage
size, and mesh size found that cage structure had
little affect on density and species composition of
macrofauna inside the cage and that neither cage
structure nor the inclusion or exclusion of pinfish
had a notable effect on immigration and emigration
rates of potential prey items (Gallagher 2001).
Organisms should have immigrated and emigrated
at similar rates into and out of the cage, keeping
densities similar among cages and treatments.

Other studies examining growth rates of pinfish
in seagrass found results comparable to ours. We
found that growth in length averaged 0.22 mm d™'
in June and 0.15 mm d' in October in vegetated
habitats, similar to Hansen (1969), who reported
growth of juvenile pinfish in seagrass of the
Pensacola estuary, Florida, to be 0.32 mm d™' in
spring, 0.23 mm d~' in summer, and 0.10 mm d™!
in fall. Spitzer (2000) found somewhat higher
growth rates for caged pinfish in seagrass in Perdido
Bay, with rates ranging from 0.43 to 0.66 mm d™'
in summer and early fall but dropping off in late fall
to around 0.12 mm d~'. These higher values are
most likely caused by the lack of predation effects
due to the presence of cages.

The general consensus is that growth rates of
estuarine-dependent fish are greater in vegetated
compared to nonvegetated habitats (Heck et al.
2003). Growth rates of juvenile red drum (Sciaenops
ocellatus) were twice as great in shoalgrass as
nonvegetated bottom (Stunz et al. 2002). Pinfish
in enclosures with both intertidal and subtidal
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vegetation were approximately 90% heavier than
fish in enclosures with intertidal vegetation and
unvegetated subtidal bottom (Irlandi and Crawford
1997). Surprisingly, other studies have obtained
conflicting results. Growth rates for juvenile red
drum were higher in sand compared to shoalgrass
(Nadeau 1991), but no difference in growth rates
between vegetated and nonvegetated substrates
were found for juvenile spotted sea trout (Cynoscion
nebulosus; Heck and Nadeau unpublished manu-
script). Specific species or location differences in
growth rates may explain these variable results. The
species of seagrass may alter outcomes as well.
Stoner (1982) discovered that of three species of
seagrass, shoalgrass provided the least protection for
pinfish prey.

Implications for Differences in Growth Rates

Small differences in growth rates can produce
significant changes in adult population size by
either directly controlling the number of individuals
reaching maturity (Jones 1991) or indirectly
through size-selective mortality on juveniles (Sogard
1997). When predation slows growth, maturation is
delayed and fewer individuals survive to maturity
(Jones 1991). Because rapidly growing fish spend
less time vulnerable to predation and are more
likely to survive, recruitment levels are increased
(Tonn et al. 1992). Faster growing fish also gain
a survival advantage over slower growing fish via
enhanced resistance to starvation and better toler-
ance of environmental extremes (Sogard 1997).

While many studies have focused on the lethal
effects of predation on juvenile fish, this study
demonstrates that nonlethal effects are also impor-
tant influences on juveniles. By apparently reducing
the amount of time spent foraging, predatory gulf
flounder had a negative effect on growth rates of
juvenile pinfish. In the natural environment (with-
out cages present), the common response of
juvenile fish to redistribute themselves among
habitats in the presence of a predator can also
affect recruitment to the adult stock by reducing
growth rates in suboptimal foraging habitats.
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